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THE " JAMES  FORREST " LECTURE, 19 10. 

THE PRESIDEXT said  he  had  much  pleasure in  introducing Sir John 
Gavey,  who was to deliver the  eighteenth " James  Forrest " Lecture. 
These  Lectures ha.d become quite  an  institution ; the  members had 
listened  to a series of interesting  orations  from  various  experts 
who had come before  them,  and  he  had  no  doubt that those  who 
had  had the  experience of giving a " James  Forrest " Lecture  found 
it was not  quite so simple a task as it appeared. H e  was sure  they 
would derive much  pleasure that evening  from  hearing Sir John 
Gavey  deal  with the  interesting  subjects of Telegraphy  and  Telephony. 

The  following  Lecture was then  delivered :- 

" Recent  Developments in Telegraphy and Telephony." 
By Sir JOHX GAVEY, C.B., M. Inst. C.E. 

THE subject selected by the  President  and  Council  for  to-night's 
lecture covers such  wide  ground that  to deal  with it comprehensively 
would require a whole course of lectures  rather  than a single  address. 
I hope, however, to  be able  to condense my  subject-matter so as to 
give  a  general view of the  most  important  and  promising  develop- 
ments  in each branch  without  exceeding  the  limits of your  patience. 

We may, I think, select the  ordinary  Morse  circuit as our 
starting-point, as by far the  largest  proportion of the world's 
telegraphic  traffic  is  still  conducted  on  this  system,  and, as will be 
seen later,  many of the developments  in  telegraphic  apparatus  have 
been based on  the Morse  method of signalling. The  Morse  alphabet 
and  its  variants  are so well known that it is not  necessary  to  describe 
them  in  detail  here. It is also  unnecessary  to dwell on  the  simple 
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form of Morse  circuit,  which  consists of a battery  with one pole to 
earth,  a  key for making  and  breaking  the  contact  between  the  battery 
and  the  line,  and  at  the  far  end of the  latter  an electro-magnet  which 
records  all the movements of the key,  further  than  to  point  out  that 
the speed of working,  even  under  the  best  conditions,  is  limited  by 
the  skill of the  operator,  and  that it rarely exceeds thirty words  a 
minute,  the  average  being  lower.  For  many  years  this  simple  form 
of apparatus  or  its  equivalents  served  the  requirements of most 
countries,  but  as  the  telegraph  service  grew and the traffic  rendered 
i t  imperative  to  erect  long  lines  directly  connecting  distant cities, 
the  problem of obtaining  a  greater  revenue  from  the  large  capital 
expenditure  involved became  pressing, and progress was made 
broadly  on  three  distinct  lines of development. In   t he  first, 
nleans  were  designed  for the trunslrlission of several messages 
simultmeously  over  the same conductor ; in  the second, by the usc 
of suitable  mechanicnl ancl electrical devices the  actuid speed OF 
transmission was raisecl in overhead  wires to  ten or  twelve  times 
that possible by  manual  operation,  and, finally, type  printing  and 
writing systems mere devised,  which  worked  with  varying  degrees 
of success. 

The  duplex  system  admits of the  simultaneous  transmission of 
two  messages in opposite  directions  over  the  same  wire. At each 
end of the  circuit is a differential  receiver  comprising two  equally- 
balanced  electro-magnetic coils, one of which is connected at  its 
further  end  with  the  line  wire  and  the  other  with  an artificial 
line  which, in its electrical  resistance and  capacity,  is  as  nearly 
as possible the  equivalent of the  actual  line.  The  two  inner  ends 
of the  magnet coils are  joined  together, so that when  a  current is 
sent from the  point of junction it divides  equally  between  the 
actual  and  the artificial  lines, and  the coils being so wound that 
under  these  conditions  the  magnetic effect of one  is  neutralized 
by the  magnetic effect of the  other,  the  signals  originating a t  
either  end pass through  the home apparatus  without  affecting it. 
At  the  far  end, when  one  station  only  is signalling, the  current 
passes through  one coil alone of the receiving  apparutus and  the 
signal is  recorded.  When,  however,  both  keys  are  depressed  simul- 
taneously, if the  batteries  are so connected that  they  aid  each  other 
(they may either oppose or  aid),  then  the  current  which  circulates 
through  the  line  wire  and  through  both of the  magnet coils attached 
thereto is  doubled, but  as  the  current which  circulates  through  the 
magnet coils a t  each station  connected  with  the  respective artificial 
lines is unaltered, a signal  is  recorded a t  e:& station because the 
balance a t  either  end  is  destroyed by the action of the  other  operator. 
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The  transition  from  duplex  to  quadruplex  working, viz., the 
sending of four messages simultaneously  over  one  wire  involved 
but n step.  There  are  two  kinds of electro-magnets in use 
telegraphically,  one  provided  with a simple  soft. iron  armature 
which is equally attracted by positive or  negative  currents, and 
one  provided with an armilture which is itself a magnet, and whicll 
remains unaffected, or rather  is repelled against  its  limiting  stop, 
by a current  that induces in  the  magnet coils n similar  polarity 
to  its own, but is attracted  by a reverse  current which  induces 
:tn opposite  polarity.  Either  type of m:ignet  may be used for 
duplex, but both  types  are used  for quadruplex  working.  The  non- 
polarized magnet  responds to  a current of considerable strength  in 
either  direction, the polarized  mn,gnet to a weaker current  in one 
direction  only. In practice :L single-current  key  is  connected  with 
:L powerful battery which is intended t o  work the non-polarized 
magnet,  but  the  connections  are led through n reversing  key, 
which latter  is designed to  actuate  the polarized magnet. When 
the  single-current  key  is depressed, the powerful current  that 
circulates  through the  appnratus  actuates  the non-polmized  relay 
:It the far end,  leaving the polarized relay  unmoved. When  the 
reversing  key  alone  is  depressed, a weak current  circulates which 
;xtuates  the polarized magnet  but is  too  weak to  act on the 
non-polarized instrument. If both  are depressed  simultaneously 
the powerful current  from  the  single-current  key  is reversed by the 
depression of the  double-current  key  and  both  instruments at  the 
far end  are affected. The receiving  nppnratus at each  end is  arranged 
differentially as in  the duplex  system, SO that  the outgoing  currents 
have no effect on  either of the receivers at   the home  end,  except 
when the  instruments a t  hot11 extremitiw  are being  worked 
simultnneously.  This  :trrangernent  admits of four  operators 
sending  four messages simultaneously  over  one  wire.  Time does 
not  admit of pursuing  this  interesting  subject  further,  but it may 
be stated  that as the artificial  lines must be as closely as possible 
the electrical  equivalents in resistance  and  electrostatic capncity 
of the  actual  lines,  means  have  to be provided  for varying  these 
factors,  as  the  actual  lines themselves vary under  the  influence of 
weather changes. 

Another  method, based on entirely  different principles,  which in 
theory  admits of sending  as  many a.s twelve  simultaneous messages 
in one  direction,  or  double that number  if  duplexed,  depends on the 
superposition of musical  vibrations on a telegraphic  circuit  instead 
of using  steady  currents. To effect this  result a number of 
electrically-driven tuning forks,  arranged  to  vibrate at different 
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frequencies, are connected through  telegraphic  keys  with :I line wire, 
so that on  depressing any one key a series of electrical  vibrations, of 
the frequency of its companion tuning  fork,  are  sent  through  the  line. 
At   the far end  the receivers are of a type  that will  respond to 
n~usicnl  vibrations  only,  and each  receiver is constructed or adjusted 
to respond to the  vibrations of one of the  distant  tuning  forks  alone 
and  to  no  others. T f  any one  key is depressed n simple  musical 
oscillation  traverses the  line  and  the receiver  in tune responds. 
But if two  or more  keys :we depressed  simultaneously a series of 
compound  curves is  transmitted  and  those receivers that  are  in  tune 
with  the  various  components of the curves  respond and  all  the 
others  remain unaffected. This syst,em originated in America, but 
it has  been developed and improved by Mercadier in  France, 
where it is said to have  given good results  recently. In   the  modern 
apparatus  the receivers  consist of so-called mono-telephones, each of 
which  is so made and  adjusted  as  to  respond  to  only  one  frequency. 

A  method of multiplex  telegraphy based on entirely  different 
principles is  the following. The  working of the  Mercadier  system 
just described has shown that  the e1ectrica.l conditions of an over- 
head line  ndmit of n far  more  rapid  transmission of redable  
signals than  is possible by  ordinary mnnual operation, and it 
has also  shown that  the  continuous  currents used in genernl 
for  signalling  dots and dashes  may be replaced by intermittent 
currents  which,  by  suitable  means,  can be translated at  the 
receiving  instruments  into  the  ordinary Morse dots ant1 dashes. 
This  line of reasoning  explains the following  development. A 
large  number of insulated  metallic  segments  are a,rrangecl in a. 
circle at each end of the  line  and  are divided into  groups, say, o f  
eight each. No. 1 of the  first  group  is metallically  connected 
with No. 1 of all  the  other  groups,  and,  through  the  trxnsmitting 
key,  with No. 1 instrument, No. 2 with No. 2 series of contacts and 
instrument, :mtl so on.  Centrally-pivoted  arnls, provitletl with 
nletallic  brushes which ride over the  segments, w e  joined  one to e:xh 
extremity of the  line  wire, ;md it is obvious that if both  these :trms, 
sta.rting  simultaneously  from No. 1, revolve at 1xecisely the same 
speed, then each segment  with  its  instrument at one  end  is  for a 
brief period placed in connection  with its corresponding  segment 
with its  instrument  at  the tlistnnt  end. If the sending  key of PTO. 1 
instrument is depressed, a brief current  is  transmitted  to  its  corre- 
sponding  instrument  when  the  revolving  arm reaches No. 1 contact 
of any group,  to  be  repeated when the  arm reaches S o .  l of the  next 
g~oup ,  and so on throughont  the series. Instead,  therefore, of a dot 
bcmg  represented  by a single  currcnt of continuous dur:,tiou it is 
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replaced by three  or  four  shorter impulses  spread  over the game 
period of time,  and a dash  by  three  times  the  number of impulses. 
By  this  means it is possible, under  favourable  conditions, to  transmit 
eight messages simultaneously  over  one  wire.  This  system,  invented 
by  Delmey, was developed to some extent  in  this  country,  but owing 
to  various canses i t  has  recently  been  abandonetl. It is, however, 
referred  to  here as the principle of revolving  commutators is 
in use in  other  forms of apparatus  to be dealt  with  later. 

The second method of increasing the  output of telegraphic  wires 
is  the n.utomntic or machine transmitting-instrument, which is 
typified by the  Wheatstone  apparatus  adopted  and perfected  by the 
Post Office in  Great  Britain. I n  all  instruments of this  character 
a long  paper  ribbon  is  perforated  by  a  suitable  machine  in an 
arbitrary  manner,  and  the  transmitting  and receiving apparatus  is 
so designed as to  transcribe  these  perforations, at  the  distant  end, 
into Morse  signals, into  simihr perforations,  into  type-printed 
messages, or even into  written  characters. I n  the perforated  tape, 
o r  slip, its it is termed, used in  the  Wheatstone system,  there 
are  three rows of perforations.  The  centre  row is continuous, 
RS it is user1 for  drawing the  slip  through  the  transmitter at 
the speed at which the  latter  is  running ; the upper  and 
lower holes cause the  transmitting  key  to  send electrical  signals, 
dots when  these  rows are vertical,  dashes  when  diagonal.  The 
actual  apparatus which effects this object is comparatively  simple. 
Two small vertical  plungers, to which an up-and-down  motion  is 
imparted by the clockwork of the  apparatus,  are  pivoted to  two 
bent levers  connected by horizontal  rods  with a small  vertical 
transmitting-key, which in  one  position  sends  a  positive, and  in 
the  other a negative  current  to line. When  no  slip  is  in t,he 
machine, the plungers as they  rise  and  fall move the key to  and 
fro  and  send  reversals which are received as clots at the  far  end. 
When  the slip is inserted, if the plungers  meet a series of vertical 
perforations  they p ~ s s  through at each  movement and  dots  are 
still  transmitted,  but if they  meet  diagonal  perforations, the move- 
ments of the plungers a re  arre,atecl by the  unperforated  portion 
of the paper slip, and  the  transmitting  key  is  not  drawn back nntil 
one of the  plungers  enters  the lower diagonal  hole of the slip and 
withdraws  the  key  from  its  sending  position,  tllus  recording  a  dash, 

This  Wheatstone system  has been very  fully developed in  the 
United  Kingdom. It is capable of dealing with  traffic a t  a  maximum 
rate of 450 words  per minute and i t  is invaluable  for the trane- 
mission of news. Thus, in the  central office in London, items of news 
mny !mve to he transmitted to fifty or mors  towns  simultaneously 

R 2  
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Circuits  are m ~ l e  up for  news  transmission,  each  providing  for a, 
number of towns, some of the  circuits  being of a perrnauent 
cha.r:rcter and some formed  tempornrily  to  meet  special  require- 
ments. As many as eight  Wheatstone  slips  can be punched 
simultaneously in one  operation and each length of slip  is  run 
through  the necessary transnlitters  at  the  highest speed  considered 
judicious. When long  press messages are received, they  are divided 
into sections  and each  section  llanded to a separate  telegraphist  for 
perforating, SO that  the  transmitting  apparatus  can be kept to  its 
maximum  capacity. Without  this u+eful  and  adaptable  appara.tus, 
i t  would  be almost  impossible to deal  satisfactorily  with the  vast 
amount of news traffic whicll is  sent  daily  to every town  in  the 
kingdom. 

For ordinary public-message traffic, on  lines of moderate  length, 
where  each  individual message is short,  the  Wheatstone  system 
has  certain  disadvantages,  namely, the  initial delay in perforating 
the slip, its  distribution,  and finally the  re-distribution of the 
received  slip amongst  the  writing  telegraphists ; for it is obvious 
that at the  high speed at which the  Wheatstone machine  is worked, 
several  operators  are  required at each end of the  line  to keep pace 
witlh the  apparatus. I n  practice in  this  country, for circuits of 
moderate  length, it is generally  considered  preferable to provide 
direct  Morse  apparatus worked  simplex,  duplex or quadruplex, :IS 

circumstances may dictate. 
With overhead lines  the  limit of speed in automatic  working  is 

that imposed  by the capacity of the receiving apparatus, which, 
owing to  i ts  self-induction  (a  factor  referred t o  later),  obst,ructs  the 
reception of Morse  signals a t  a higher speed than  that named. 
This  difhulty  has been overcome by  substituting a chernicn.1 for 
an electro-magnet  receiver. I n  this form the  current  at  the 
received end passes through a long  paper  ribbon  saturated  with 
a solution  which is decomposed by a positive current.  The Morse 
signals  appear in blue  lines  on the received  slip. It is  said  that 
with  this  method a maximum speed of 1,000 to  1,200 words per 
minute  is possible under  favourable  conditions, but  the difficulty 
in working a t  such high speeds, where  characters  are received in 
Morse code and have to be transcribed  manually, is  the division and 
distribution of the slips  amongst  the  large  number of writers 
necessary to  keep  abreast of the work, the precautions  needed to  
avoid loss of messages, the  injurious effect of brief contacts caused 
by  workmen which result  in  the loss of several words, and  last  but 
not  least.  the difficulty and delay in  obtaining  repetitions where 
errors, fnlpe signals or missing  words  render  this necessary. 
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All the foregoing  methods  increase the  carrying  ca.ptcity of t311c. 

wires;  in  other words, they reduce the capital  expenditure  per 
message, but none of them  increase the  output  per  operator,  nor do 
they  diminish  the  working cost in  the  instrument-room ; in  fact, 
with high-speed automatic  transmission  this cost may  be  higher 
than  with  other  methods described. The messages have  to be 
prepared  by  the  perforation of the punched  slip,  telegraphists  have 
to  control  the  sending  and receiving apparatus,  and  the Morse slips, 
as they  are reeled off the receiving apparatus, have to be divided 
ancl distributed  amongst a nnnlber of operators  for  transcription. 
The  initial  preparation of the  transnlitting  slip will  always,  of 
course,  be  necessary in all  automatic systems, but  inventors  have 
turned  their  attention  to  increasing  the speed and reducing the 
cost of transcription at the received end, in  the case of manual  as 
well as  automatic  sending,  by  the  substitution of typing  apparatus 
worked mechanically or electrically for  the  manual  transcription. 
A very  considerable number of instruments  has been  designed to 
achieve this end, but one of the earliest  which  has  met  with  per- 
manent success, and by  means of which a very  large  proportion of 
the work in  Europe  and  nexrly  the whole of the  transcontinental 
work is dealt  with,  is the well-known Hughes  type-printing  instru- 
ment.  Each  instrument comprises a type-wheel,  which  consists of a 
disk  on the periphery of which are embossed the  letters of the 
alphabet,  numbers  and  other  signals  that  have  to be transmitted ; a 
piano-like  key-board on  the keys of which are  engraved  the  letters 
and signals which appear  on  the type-wheel ; and a horizontal  plate 
with  a series of slots  arranged  in a circle. Enclosed in each of these 
slots and connected  with  one of the sending-keys  is a movable 
plunger  which  is  raised  when the  key  is depressed, but which 
normally  lies flush with  the  surface of the plate. An  arm carried 
on  a  vertical  shaft  in  the  centre of the  plate  is caused to revolve 
above it by the motive power which  drives the  instrument,  and  when 
a key  is depressed this  arm  is  arrested  momentarily by the  protruding 
plunger  and a current  is  sent  to  the  distant  station.  The  printing 
disk and  the  revolving-arms a t  both  sending-  and  receiving-stations 
move in  unison,  this  being  erected  mainly by the action of a 
governor, any  slight  want of coincidence being  corrected  mechani- 
cally  each time a letter is printed. Below the type-wheels are  long 
paper  ribbons, and  it will be understood that,  both  instruments 
starting  from zero and  running  uniformly,  when a key is depressed 
and  the plunger  corresponding  with the  letter  to be signalled is 
raised, the electrical current  is  sent  to  line iLt the moment that  the 
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letter t o  be printed is  immediately  over the paper,  and if the  Ir~tter 
is raised  momentarily that  letter  is  printed. 

The  Hughes method of transmission  has  many  advantages. It 
provides  a  clearly-typed message for delivery instead of a written one, 
it removes a possible source of error in transcription,  and it increases 
the speed of working  as compared with  the Morse  system  by  about 
25 per  cent. It can  be  duplexed and it is used  by the  Post Office on 
all  its  continental  wires. It has, however, the disadvantage that :L 
considerable interval of time elapses between the transmission of 
two consecutive  signals  owing to  the revolving  arm  having to  
traverse all the  intervening  letters.  Baudot  has  obviated  this 
waste of time  by  adopting  the  multiple  system of telegraphy. H e  
entirely  abandons  the  Hughes  method of transmission, and forms 
an arbitrary  signal code  with  which,  by means of five consecutive 
currents, some  plus some minus,  in  combination,  he  represents each 
letter of the alphabet,  figures or  other signals. By  this method  four 
or  six  channels  can  be provided  simultaneously on one  wire, each 
being  worked  manually. In  the quadruple  system,  that  most 
generally in vogue, four  separate  keyboards  are used,  each containing 
five keys. Either key  when in  its  normal condition  is in a position 
to  send a  negative  current  and when  depressed a positive  current t o  
line.  Each of the five keys of one  keyboard is connected with five 
separate  and  contiguous  metallic  contacts  arranged  in a circle. 
An  inner  continuous circle is connected with  the  line wire. A 
revolving  arm, moving a t  a uniform speed,  connects  in  regular 
sequence the  individual  key  sections  with  the  continuous  line 
circle, and  during each  revolution it transmits  through  the  line  the 
groups of signals  formed  on  each  keyboard. At  the receiving  end  a 
corresponding  arrangement, the  arm moving at  the same  speed, 
connects the  line  in  regular sequence with  the  four  receiving 
instruments, each set being  provided with five polarised  relays 
working five electro-magnets.  During each  revolution of the  arms 
at the  sending  and  receiving  ends,  the  electro-magnets  repeat  the 
positions of the  transmitting keys, the  armatures of those  receiving 
positive  currents  being  raised  and  those  receiving  negative  currents 
depressed, and it remains  only  to  translate  these  arbitrary code- 
signals into  printed  letters.  This  is effected in the following  very 
ingenious  manner. A t  each  receiving instrument  two disks,  firmly 
fastened  together,  have  on  their  peripheries a series of serrations, 
corresponding  with  the  arbitrary code, which, in  certain defined 
positions,  represents the various  letters of the  dphabet.  Riding on 
the  periphery of one of them  are five levers termed selectors,  each 
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of these  levers  being so pivoted :t.s to be susceptible of >L slight  to- 
and-fro  movement on its axle, and also of :t transverse  movement 
in  the line of the axle. When all the electro-magnets  have  their 
armatures raised, the selectors rest on the  inner  disk,  but if a 
certain  number of the  mmatures  are depressed, the  corresponding 
selectors are  shifted  through  the action of intermediate levers to  the 
second disk.  As the  two  disks revolve together  the combined 
selectors at some point tlrop simultaneously  and  for i~ brief interval 
into  the series of serrations which correspond  with the  letter code 
signalled  from the  far end, and  this movement and  the  rapid  jerk 
out of the  serrations as the disks  revolve  causes the  letter  to be 
printed  from :L type-wheel  which  revolves at  the same speed as the 
disks. The  uniform  revolution of the  contact  arms,  tlle coded disks 
and  the type-wheels, are  maintained  by :L clever adaptation of 
governors and brakes  partly electrical, partly mechanic;tl, and 
provision  is  liken-ise  made for  the Iag of the  current  in  transmission 
over the line. 

The  Baudot  system  admits of the transmission of :L much larger 
number of messages over  each  wire than  the  Hughes system. It 
is also  more flexible, inasmuch as the  various  channels i t  provides 
can be  divided amongst an equal  number of towns;  thus  Paris  can 
use two  channels to Lyons  and  two  to Marseilles  over a Paris-Lyons 
circuit  extended  from  Marseilles, and so on. It is  largely used in 
France  and  has been  introduced  into  this  country. 

It will have  been  observed from  the  foregoing  description of 
typical  forms of apparatus  that  there  are  three  distinct  methods of 
telegraphic  transmission  with which  we are  mainly concerned 
to-night,  although  others  might be mentioned. In the first an 
arbitrary code of signals is repeat,ed in  similar  arbitrary  signals by 
which the  alphabet  is  artificially  represented  and  the message is 
read by a skilled operator; in the second, what  may be termed  the 
dial  type of apparatus  is used,  where two type-wheels, moved either 
mechanically or electrically,  revolve  isochronously, and  they  may 
either show  fleeting letters  or  print  them in permanent  characters ; 
and  in  the  third an arbitrary  set of electrical  signals is devised 
which actuates specially  designed apparatus which may  reproduce 
the message in legible charactel;~,  printed  or  even  written.  The 
third method  has  been  utilized  by  various  inventors and applied to 
automatic  transmission so as  to dispense with  manual  transcription 
at   the receiving station. 

In the  latter case  a  paper ribbon  or  slip  is  perforated  by punchee 
generally  actuated by a specially  designed typewriter  keyboard,  in 
which the depression of any  key causes a series of perforations 
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representing  the  arbitrary  combination of the corresponding  letter 
to  appear  on  the  slip.  This  is passed through an automatic  trans- 
mitter,  the  electrical  currents  corresponding  with  the  Perforations  are 
transmitted  over  the  circuit  and  the  distant  apparatus  is  actuated. 

Murray  has devised  a  system  which has  undergone  lengthy  trials 
both at home and abroad. His  slip  has one  row of perforations 
which  gears into  the moving mech:tnism of the  transmitter,  and below 
this a second series of perforations  representing  his  artificial 
signalling code, which is o f  the  Baudot  type.  The  transmitting 
ancl receiving  apparatus  must  run isochronously, and  this  is 
provided for  by an original  method  which  time does not  admit 
of explaining in detail. Briefly,  however,  when the vertical  plunger 
of the  transmitter passes through a perforation a positive  current is 
sent over the  circuit,  and  when  the  plunger is  stopped  by the paper 
a  negative  current  circulates.  The  result at   the receiving  apparatus 
is  that  an  exact  counterpart of the  transmitted  slip  with  its  perfora- 
tions  is  reproduced,  and  this  perforated  slip  is passed through  and 
actuates an  automatic  typewriter which prints  the message. The 
typing  machine  is  fitted  with five horizontal  plungers  which are pro- 
longations of nn  equal  number of slotted combs to which in action 
a to-and-fro  motion  is  imparted.  The  perforated  slip  acts  on the 
principle of the Ja.cqnard loom, and when at a  given  moment  a  series 
of perforations  appear,  the  corresponding  plungers move forward  and 
the  remainder  are  arrested by the  unperforated  part of the paper. 
The  slotted combs are  at   the moment so grouped that  the one  letter 
indicated by the code is actuated by the controlling  motive power 
and it is accordingly printed,  and  the combs restored to  their normal 
position  ready  for the  next  letter.  The message is  typed in page 
form. An improved  printer,  recently devised by Mr.  Mnrray, is 
shown at work and  can be inspected  later. 

Creed has  worked in  the same  direction, but he uses the 
ordinary  Wheatstone  alphabet alreacly described, and of course 
the  Wheatstone  transmitter.  At  the receiving end n perforated 
Wheatstone  slip  is  reproduced  by a. punching  machine,  which, 
controlled  by the reverse  currents  from  the  transmitter,  and, 
using compressed air  as a  motive-power,  perforates the received 
slip a t  considerable speed. This  slip  is  then passed through an 
automatic  typewriter  adapted  to  work  with  the  Wheatstone 
alphabet, which types  the message on a  long  slip, to  be gummed 
on the  telegraph  form. I n  both  these cases the received slip  can 
be  inserted in a second automatic  transmitter  and  the message 
sent  on  to  another town-an advantage in the transmission 
of news,  which frequently  has  to be redistributed  from  large 
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provincial  centres to  other towns  having no direct  communication 
with  London.  Both  these  systems  are in use in  the  British  Post 
Ofice. Messrs. Siemens  and  Halske in Berlin  have devised an  
automatic  system in which, by means of suitable  apparatus,  the 
message is  printed at   the  receiving  end  direct  by  photographic 
methods.  Time  precludes  even a reference to  the ingenious  details 
of the system  beyond stating  that  the final  typed  characters are 
produced  photographically  by an  electric  spark,  which  momen- 
tarily  illuminates  the  required  letter.  The  alphabet is  stencilled 
on a revolving  disk, and  the  arrangements  are such that  the electric 
spark passes only  when the  letter  corresponding  with  the  arbitrary 
signal  is  in  the  right  position  for  printing. 

The  Western  Union  Telegraph  Company in America, the  land 
of Iong-distance  circuits, has  introduced  extensively a system  known 
as  the Barclay  automatic  type-printing  apparatus. At  the sending 
end  the code of electrical  signals  adopted  consists of long  and  short 
intervals,  either  marking  or spdcing, representing  the  various  letters 
of the alphabet.  Every  letter  is  represented  by  six  current  alterna- 
tions,  but  the  receiving  apparatus is so designed that although 
every  current  acts on an escape  wheel that  makes a momentary 
contact  with  certain  selecting relays,  only  those of long  duration 
effect any movement in the  latter.  There  are  thirty-two  printing 
magnets  which  act  as  the  keys of a typewriter  and cause the message 
to be printed  direct  on  the  receiving  instrument. 

It may be added that,  although  any  one of the systems  described 
or referred to can be made  to  do  excellent  work,  the  actual  selection 
of the  apparatus  best  calculated  to  meet  the  requirements of any 
country  depends  entirely on local conditions,  length of the lines, 
character of the work to  be  dealt  with, idiosyncrasies of the staff,  etc., 
and  that  it  would be eminently  unwise  to dogmatize on  the  subject. 
To what  extent  uniformity of practice  is  likely to  arise in the  future 
is a doubtful  question,  as each country is likely to progress  on the 
lines which have  been  firmly  established as  best  adapted  to its wants. 
I n  this respect  telegraphy  may be said to  occupy a somewhat  unique 
position from  the  inventor’s  point of view, there  being  no  tendency, 
at present to  adopt  one  particular  type of apparatus as being  best 
adapted  for all purposes. 

Writing telegraphs, based on  the  fact  that  two  ordinates at right 
angles  to  one  another can be made  to describe any curve, have been 
designed. The  telewriter,  in which the pen is connected with  two 
arms which follow the movements  of the  writer,  and which in doing 
so pass over varying  resistances and  transmit  to  line  currents of 
varying  strength, is well known. At the receiving  end  two pivoted 
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electro-magnets, plwced in :L very  powerful  magnetic field, itre 
deflected  over arcs  dependent on  the  strength of the  current 
circulating at   any moment. Tu-o arms  at  right angles to one 
another  are connected with  the  transcribing pen,  one arm being 
pivoted to each  magnet, and  the writer’s  movements are reproduced. 

There  is  only  time  to  refer  briefly  to  the  beautiful  writing 
apparatus designed  by  Poll& and Virag. In this a slip  is 
perfora.ted  by suitable lnenns with  nine  rows of holes of varying 
sizes, suitable flexible brushes  make  contact  through  these holes 
between  batteries  and  the  line wire, :md thus cause currents of 
different  electromotive  forces and  duration  to  circulate  over  the 
line, and t o  act  on  two  telephone receivers at right angles to one 
another.  Rays of light  are reflected  from  one to  the  other  and 
on  to a  photographic  slip, and  the  written lness:xges, which c m  be 
transmitted  at 600 to 1,000 words D minute,  appear developed and 
fixed on  the  sensitized phper whicll emerges from the  dark closet 
of the  apparatus.  There  are  numerous  type-printing  instruments 
for  the  distribution of news, which,  however, are so well known that 
further reference to  them  is unnecessary. 

So far we have  only  considered the  apparatus  for  the  transmission 
and receipt; of telegrams  on  land  lines,  but  before we  proceed 
with  our  subject it is necessary to deal with  the behaviour of the 
conductors  by  means of which electrical energy is transmitted  from 
one  station  to  another. In considering this  branch of  olur subject, 
there  are  several  factors  to  take  into  account, each of which  may 
profoundly  modify the  results according to  the circumstances  under 
which the transmission  takes place. These  factors  are  conductor- 
resistance,  electrostatic  capacity,  self-induction and insulator-resist- 
ance  or its reciprocal  leakance. 

Resistance  wastes the effective  electrical  energy  by  degrading it 
into  heat, ant1 its sole effect is  to  reduce  the  amount of current 
a.vailable at the  distant end.  Electrostatic  capacity  converts a 
portion of the  kinetic  energy  into  potential  energy,  which is restored 
to  the  circuit  on  the cessation of the  current,  and it has  the effect of 
retarding  the  receipt of the first  portion of each signal  and  extending 
its  duration when the  line  is disconnected from  the  source of energy. 
To illustrate  this,  assul~e  the case of a conductor  with  high capacity, 
say a length of submarine cable. If the  far  end is disconnected, 
then  on  making  contact  with  one pole of a battery,  the  other pole of 
which is  to  earth,  there  is a rush of current  into  the cable which 
continues  until  the  latter  is  charged  uniformly  to  the  potential of 
the  battery.  When  the  battery  is disconnected from  the  line  and 
replaced by the  earth,  the  charge  leaks  out in the  form of a reverse 
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current. If, when the bitttery  contact  is  made,  the  far  end of the 
line  is  to  earth  the  initial  portion of the  current  is  taken  up  in 
establisl~ing  the cable charge,  whilst  only a fraction of its  ultimate 
value  trickles out  at  the  distant  end a short  interval  after  the  battery 
contact  is made. The  duration of this  interval  depends  on  the 
capacity and resistance of the line. When  the  full  charge  has 
accumulated  along the circuit, the  full  current dependent  on the 
potential  and  the  resistance flows along the conductor. On replacing 
the  battery by earth  the  charge  flo~vs  out a t  both  extremities. 
Self-induction  may be taken  as  the  analogue of mechanical 
inertia.  The  first effect when  a  source of electrical  energy is con- 
nected with a conductor  is to estahlish a magnetic field in planes 
at  right angles to  the conductor,  a,nd this  retards  the period  when 
the full  strength of the  current  is established. Conversely, on  the 
cessation of the  primmy  current,  the  magnetic field closes in  on  the 
conductor and generates a transient  current  in a  direction which 
tends  to prolong the original  current.  Leakance  causes a loss of 
current which  should  otherwise be utilized in actuating  the  distant 
apparatus. ‘Per  contra, it exercises a beneficial effect in high-capacity 
lines  in  facilitating  the  static discharge, but so far it has  not been 
found  practicable to utilize the effect without  introducing  other evils. 

These  somewhat  elementary  facts, which of course are well under- 
stood, l~ave been  referred to so as to  maintain  the logical sequence 
of our  subject,  for  they  govern  the  limiting  distances  and speeds at 
which  electrical  communication of all  types  can be maintained,  and 
they account  for the very  different  results  obtained  on  overhead, 
underground and  submarine  circuits respectively. 

Overhead  wires, for  many  years  almost exclusively used for 
telegraphy, and even  now the only  conductors that  serve  satis- 
factorily  for  really  long-distance  telephony, possess the  advantage 
of low resistance, which can be diminished to  any reasonable  degree 
by  the use of copper, and by  increasing the size of the  conductor; 
their  electrostatic  capacity  is small,  say  from 0.013 to 0.014 
microfarad  per  mile:  and  their  self-induction  is  relatively  great. 
Their use admits of attaining  the  maximum speed in  telegraphy; 
and perhaps the most  important  limiting  factor  in  this case is  the 
self-induction of the receiving apparatus, which would  be a useful 
factor if distributed  over  the  line,  but which tends  to  act  as a 
choking coil when massed at   the extremity.  This  self-induction  in 
the case of the  Wheatstone receiver amounts to  as much as one 
henry,  and  its effect in prolonging the  current, combined with  that 
due  to  the  capacity of the line,  is  neutralized to some extent by 
inserting a, shunted condenser  between the  instrument  and  the 
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earth. As already  stated,  this  admits of a  maximum speed of 450 
words per minute-a relatively low figure  compared with  that 
attained  by  the electro-chemical  receiver. 

Overhead  telegraphs are subject  to  serious  interruptions,  due  to 
the  falling of trees  during heavy  storms, and  to breakdowns  arising 
from a combination of sleety  snow and gales of wind  against which 
no  engineering  precautions are of any avail. On the  other hancl, 
until recently,  underground wires,  owing to  their capacity,  which 
reached 0 - 3 microfarwd per  mile  when insulated  with  gutta percha, 
and  the  great cost of the  material, were  only  used in special cases 
where  strategical or other  imperative  reasons renderecl such  a  course 
necessary. The  introduction of dry pcper as an  insulating  material 
profoundly modified the  situation.  The  electrostatic  capacity of 
suitable  paper  is  not  very  much  greater  than  that of air, and wires 
lapped  with  paper, cabled,  thoroughly  dried and enclosed in a  lead 
sheath  are  not  only available for  long  underground  telegraphs,  but i t  
is  not too  much to say that without  them  the  modern development 
of the telephone  would  have  been  wholly  impossible.  The  Post 
Ofice has  within  the  last few  years  laid  underground 138,000 
miles  of  paper-insulated  wire  for  telegraph  purposes  alone, and  to 
illustrate  the  bearing of this  material  on  telephone progress it may 
be added that, between  1900 and 1902,  before a single  subscriber hac1 
been  secured, the  Post Office laid 240,000 miles of wire  underground 
as  the  first  step  in  the development of the London  system, and  from 
its  central  exchange  in  Carter  Lane 210 ducts  radiated  to  various 
portions of the  centre  to be served from that point ; and  although a t  
that  period 36,000 wires  only  were  led  into  the  building,  the  spare 
duct  capacity  admitted,  as  the  system  grew, of increasing this 
number  to 125,000 or 150,000 wires. The mileage of underground 
wire  laid  by  the  Post Office in  Great  Britain for telephones is now 
increased to 521,000 miles. By  no  other  known  means could  such 
a service  have  been  provided, and these  facts  emphasize  the  connection 
between  paper  insulation  and  telephone  development. 

Submarine  telegraphy  is  not susceptible of the  many develop- 
ments  that  have been possible with  land-lines, the high  electrostatic 
capacity, varying  between 0 . 3  and 0.4 microf:srad per  mile, and 
the very  long  lengths  that  are necessary to connect the  great 
continents of the world, rendering the use of any  but  the most 
delicate  apparatus impossible on long cables. The  receiving  instru- 
ments  originally  invented  by  the late Lord  Kelvin,  then  Sir  Willianl 
Thomson, are  still  the  only  apparatus  available  for  the  reception 
of messages on long  transcontinental cables, and so far it haas 
not been  found possible to  materially  increase  the speed of 
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working,  except, of course,  by  increasing the dimensions and cost 
proportionately. 

Attention  has been  devoted to  eliminating  disturbing  elements 
:mcl perfecting the signals  by the use of automatic  transmission and 
by the use of curbing devices a t   the  receiving  end.  The  introduc- 
t'ion of repeaters at intermediate  points  where cables land at suitable 
localities has recent!ly  become  possible, and it may be that methods 
of distributed  induction  referred  to  later  may  ultimately  be of some 
value, but  this subject is not  ripe  for  consideration.  Short cables 
present  no difficulties that  cannot  be overcome for  relatively  rapid 
working, but  their electrostatic  capascity  limits  materially the distance 
over  which  telephone  working is possible, as I will show presently. 

In ordinary  telegaphy,  when  transmitting  through an overhead 
line, the frequency of the  current  alternations  is  only 180 per 
second for 450 words  per minute,  and  the  current  has  actuated  the 
:Lpparatus at  the  further  end before the  battery connection has 
ceased. Axother  condition,  however,  is  introduced  when a conductor 
is used for  telephonic  speech in which a maximum  frequency of 
1,800 to 2,000 vibrations  per second has  to  be  dealt  with.  Inthese 
cases the transmission  from the telephone  assumes complex  wave- 
forms,  and  the effect of even  a  moderate  capecity becomes far more 
marked  than in the case of telegraphic  transmission. If :L simple 
impulse, of the  form of :L sine wave, were emitted in :t circuit 
containing  neither  capacity  nor  inductance it would maintain  its 
form,  and it would only lose in amplitude owing to  the waste of 
energy  in  heating  the  conductor. With much  capacity in  the 
circuit,  however, the wave tends  to  elonpte,  and if the capacity  be 
sufficiently great and the  line sufficiently long, the following  wave 
overtakes the lagging  tail of the previous one ; they  then blend 
more  or  less  together, and  having  lost  their  distinctive  character, 
fail  to impress on  the receiving  telephone the  distinct  character of 
the sound  from  which they  emanate. Of course, if this  happens  with 
a simple sine wave it will be obvious how much this  damping  action 
is intensified in  the complicated wave-forms which  speech assumes. 

Of course the loss of the overtones  means  diminution of the 
timbre of the voice ; in  other words,  though speech may still  be 
possible, the voice ultimately becomes less recognizable until, 
when a certain  limit  is passed, if the resistance of the conductor 
be not too great, i t  may  degenerate  into a low-toned imitation of 
speech, or  with  the  smaller  conductors which are used for city 
a-ork  the  attenuation  rapidly lowers the volume of sound until it 
\)ecomes unrecognizable. A few  years ago I had, in conjunction 
with  the Engineer-in-Chief of the National  Telephone  Company, 
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Mr.  Gill, to fix certain  standards of speech which  had to be main- 
tained  by  the  two  administrations  working  the  telephone  system in 
this  country,  and  after  a  series of practical  tests,  which  were 
found  to accord  very closely with  theoretical  calculations, we found 
the results,  given in  tmhe Table  on p. 255, to  represent  the  practicd 
limits of ordinary speech on various classes of conductor,  both  over- 
head and  underground,  when  no special  steps  were taken by artificial 
means to overcome the deleterious eff’ects  of capacity. 

I have,  however, referred  to  self-induction  as  the  analogue of 
inertia  in  mechmics,  and obviously,  therefore, if it were possible to  
endow the  circuit in which a wave was in movement  with sufficient 
self-induction to  prevent  the  tailing  and  consequent  distortion of 
its form,  the  limit of speech  would  be materially  increased,  as 
only the  attenuation  due  to  resistance would have to be provided 
for.  Now it  is possible to achieve this  result  to a certain  extent 
by adding  artificially  to the self-induction of telephone ca.blex, 
technically  termed  loading.  The  ideal  method would  be to  increase 
the self-induction  uniformly  throughout, and  attempts  have been 
nlade to effect this  by  lapping a copper  conductor  with thin  iron 
mire or  tape of a high  magnetic  permeability.  Another  method 
consists in distributing  magnetic coils a t  uniform  distances of :L 

mile or  two  apart  throughout  the  length of the line. Under  these 
conditions the distance  over  which  speech  is possible has been 
increased from two-and-a-half t o  three-and-a-half  times.  The 
British  Post Office  llxs recently  laid  a  cable  with  distributed  in- 
ductance  between  England and  France which  will  increase the  range 
of speech about  four  times as compared with a similar  type of 
unloadetl  cs~ble. 

The  rapid :mcl enormous  development of the telephone  selvice 
which has taken place throughout  the world within  the  last few 
years  is :I remarkable  achievement of the electrical  engineer.  The 
principle of t l ~ e  microphone  which  converts  sound  vibrations  into 
the t,lectric:d vibrations  already  referred  to, and of the telephone 
which  reconverts the electrical into sound  vibrations,  are so well 
known that I need n o t  dwell on the  subject  further  than  to  point 
out  that Grahxm Bell‘s telephone,  as it left  his  hands  in 1876, is :It  

the present  time  essentially  the same instrument,  slightly  improved 
in 1uech:tnical construction, as when  he  gave it to  the world, but all 
the  other  adjuncts of a complete  telephone  service  have  been  pro- 
foundly modified and n-e me  not  yet in sight of finality. 

The problem of connecting two  subscribers’  lines a t  an exchange 
is B very  simple  one  when a, small number of subscribers  only  are 
concerned. An electrical indicator of the  shutter  type  to alu?oLl,ncc 
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i t  call, flexible conductors to connect any two  lines by meaus of 
plugs and spring jacks, electrical  bells t o  call up subscribers, :md the 
equipment is completc. The problem is n serious one, how ere^, 
when, as is now the case, the  numher of telephone  subscribers in 3, 

High resiatmw due to impedanoe at average  frequency of speech  oscillation&. 
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large  city  runs  into five or  frequently  six  figures ; when the  area 
covered, like that  in London,  amounts to  640 square  miles ; when i t  
has to  be served  by  60 t o  100 separate exchanges,  between all of 
which  interconllnunication  must be provided with  the  minimum 
amount of delay, and when an exacting public  expects to  be con- 
nected  with  any  subscriber  on a large  system  immediately the call is 
made.  Add to  this  the communications  between  all the principal 
cities in  the  country,  and  the  fact  thnt  practically  the  major  p3rt of 
the business of the 24 hours is concentrated in about Z$ hours  in  the 
morning  and a, similar  period in  the  afternoon,  and  the difficulties 
to be  solved  become faintly  apparent, even to  the  uninitiated. 

Apart  from  minor improvements in  the calling indicators mlcl  
other  details, each of which  added its  quota  to  the  gradual perfection 
of the service, perhaps  the most marked  advance  made,  when 
exchanges  grew in size, was the  introduction of the so-called 
multiple  switch.  Before  its  introduction, each operator 11;rd the 
care of, say, 100 subscribers whose lines  terminated  in  front of 
her.  She could  connect any two of these 100 directly, but as soon 
as a connection  had  to be made  with  another  section a  subsidiary 
junction  line  had  to be brought  into use and  the services of 

, another  operator  invoked  to complete the  connections;  and as the 
number of subscribers  on the exchange  increased. the  number of 
junction  lines  interconnecting  the whole of the positions  increased 
in a geometrical ratio.  This became n very  serious  element in 
cost, and  the complications  and  consequent  delay in completing 
the connections  between  subscribers on various  positions  gradually 
increased in :t much  greater  proportion  than  the  number of sub- 
scribers. To obviate this difficulty the so-called multiple  switch 
was designed,  and i t  provided that any operator responsible for 
answering  the calls of,  say, 100 subscribers  could  connect any  one of 
these  directly  with  any  other  subscriber  on  the  same exchange,  even 
if the  number reached 10,000 or upwards. To make  this  clear, it 
is advisable to  repeat  that n subscriber’s  line  terminates  on a small 
compound spring called :L jack, and if a flexible metallic cord 
terminating in two  plugs  is  provided, on the  insertion of one of 
the plugs into one  subscriber’s  jack and  the  other in a second jack 
both  subscribers  find  themselves in direct  communication  with  one 
another. In   t he  multiple  board  the  lines  of, say, 100 subscribers 
terminate  as  before  stated  on  one operator’s  position ; but on a large 
panel  above these local jacks the whole of the 10,000 or  more  lines 
are connected with a  series of jacks within reach of the operator, 
and  this is repeated a t  every  operator’s  section, so that  a line  on 
any position  can be directly  connected with  any of the  other  lines 
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on  the exchange  by the  operator who answers the call. This 
improvement,  great as it was, did  not  meet  all  the difficulties. 
The  shutters of the indicators had at first to  be restored  by 
hand  after a call had  been  answered,  every  such  operation  causing 
some slight delay,  which,  multiplied  by thousands of operations, 
eat  into  much time. An  arrangement was, therefore, designed so 
that  the  insertion of a plug  into a jack, the first  operation in 
answering  a call, caused the  shutter  to be  restored to  its  normal 
position  automatically.  This, however, left  untouched  another 
source of delay, that  necessary to connect  mentally  the  particular 
shutter  that had  fallen with its corresponding  jack  before  inserting 
the answering  plug,  which, if not  correctly done,  resulted in the 
plug  being  inserted in  the wrong  jack.  Again, the close of the 
conversation  had to be indicated by the subscribers ringing off by 
means of their calling apparatus, an  operation  often  forgotten by a 
busy,  careless or uninstructed‘  user. If, therefore, the connection 
between the subscribers  remained  for an unreasonable  time,  or if 
another  subscriber  desired  to  speak to  one of those supposed to  be 
engaged, the operator  had to  come into  circuit,  listen  for a moment, 
then,  hearing  nothing,  ask “ Have you  finished 2 ’ ’  before  severing 
the connection. To  obviate all these sources of delay the 
“common  battery  system ” was  designed. In this,  the  form of 
manual exchange  equipment  now  considered the most  satisfactory, 
the  shutter  indicators  are replaced  by  glow-lamps which, being  very 
small and occupying no more space than  the jacks  themselves, are 
placed immediately  over the  latter.  When a lamp  lights it 
indicates a call and  the operator,  without  doubt,  hesitation or delay, 
forthwith  inserts  the  answering plug into  the jack. At   the 
subscriber’s office no special  calling apparatus is needed. The 
lifting of the telephone  from the hook automatically  lights the 
lamp. When  the  operator  has  ascertained,  by  touching  the  metallic 
rim  outside  the subscriber’s  jack with  her  connecting plug, that  the 
subscriber who is  wanted  is  free  this  plug  is  inserted,  and its 
insertion  is followed  by the glowing of a supervisory  lamp  near  the 
plug  seat,  there  being  two of these to  each set of cords and plugs. 
The  operator  then gives a brief ring  and  when  the called subscriber 
takes  the  telephone off the hook to answer, this  is evidenced  by the 
supervisory  lamp  being  extinguished.  The  operator  has  no further 
concern with  the connected  lines until  both subscribers restore  their 
telephones,  when both  the  supervisory  lamps glow, the connection is 
severed, the lamps  darken  and  the  normal  condition  is  restored. 
The  work of the operator is thus conducted  with  absolute certainty ; 
no  intervention  to  ask  questions  is necessary, the glowing or 
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extinguishing of the supervisory  lamps  indicates  whether the 
subscribers  are  talking or have  Enished,  and  all  her  speech  on the 
line  can be reduced to  “Number, please,” and  perhaps “ Subscriber 
engaged ” or “ Subscriber  don’t  answer.” 

This  simplicity  in  manipulation is,  however, as might be assumed, 
arrived a t  by  considerable  complication of apparatus, which if 
described in  detail would take up  a  whole  evening.  (Views  were 
shown  on the screen of exchanges  equipped  by the  Western  Electric 
Company,  and  the  British  Insulated  and  Helsby  Cables Company.) 
I have to  thank  the  latter company  very  heartily  for  the  working 
models  exhibited  here  to-night. 

The electrical energy  in common battery  systems is, as  may be 
inferred  from  the  name,  provided by  accumulators a t   the  exchange 
instead of by primary  batteries a t  each  subscriber’s office, and  not 
only is the cost of the  energy  infinitely  small  as compared with 
the old system of providing  separate.batteries  for each subscriber, 
but  the  further  advantage follows that  the  full  energy  is  always 
maintained  and  available  on  every  circuit,  a  condition  almost 
impossible  to fulfil  even under  the  best  organization  when  thousands 
of primary cells scattered  over  a  great  city  have  to be looked after 
by  linemen, some of whom may do their  duty less  conscientiously 
than  others,  whilst  some  subscribers  may  exhaust  their  batteries  by 
careless  use  quicker than should  be the case. Similar  automatic 
arrangements  are  in use on the  junction  lines  connecting  the  various 
exchanges  necessary for the effective  service of large cities. 

In   t he  period  during  which  the  ordinary  telephone  equipment 
has  undergone  the  modifications  just  described,  inventors  have 
turned  their  attention  to  the design and perfection of an  automatic 
telephone in which  each  subscriber, by a simple  method of manipula- 
tion,  may  without  the  intervention of an  operator a t   the  exchange 
obtain  direct access to  any  other  subscriber  connected  with  the 
service.  One of the ensliest  systems of this  type was known  as  the 
Strowger,  and  by  the  courtesy of the  Automatic  Electric  Company 
of Chicago, the owners of the  patent  rights,  and of the  British 
Insulator  and  Helsby  Company of Prescot, I am  able  to  illustrate 
the working of the system.  Each  subscriber’s  line  terminates  on a 
line  switch  which  forms  part of a group of 100 switches.  This 
switch is  connected  by  ten  circuits,  the  equivalent of the plugs and 
cords in  a  manual  board,  with R series of selectors  each accom- 
modating 100 junction lines.  According  to the size of the exchange, 
there  may be two or three  sets of selectors  connected  similarly by 
means of junction circuits, and finally, there is a  connector,  a  some- 
what  similar  instrument,  which  makes  the  connection  between  the 

Downloaded by [ University of Liverpool] on [15/09/16]. Copyright © ICE Publishing, all rights reserved.



Meeting.] TELEGRAPHY  AND  TELEPHONY. 259 

two  subscribers.  Each  telephone  has  a  dial  with  finger  holes  and 
numbers.  On  removing the telephone  from the hook the  procedure 
is as follows : If, say, No. 4852 is  wanted the caller inserts  his  finger 
in  hole 4 and revolves the  dial  up  to  the  limiting stop. This 
actuates  the  line  switch,  which causes a  connecting  plug  to  enter tlle 
springs of the  first  disengaged  junction  leading  to  the selector group 
of 4000. The  same  action follows in  sequence  with 8, 5 and 2 ,  the 
final  movement of the connector  making the connection if the 
required  subscriber  is  disengaged. If he be engaged, a busy 
back  signal (a vibratory  current)  is  given.  When  the  connection 
is  made  and  the  conversation is  complete the  hanging  up of the 
telephones  restores the connections t o  the normal. A full  description 
of the  apparatus would take  up :I whole  evening, but  its  working 
can  be  inspected at   the  close of my  address.  This  method  has 
had  considerable  development  amongst the  independent  telephone 
companies in America. 

On the  subject of the  future  growth of telegraphs  and tele- 
phones,  few of those  acquainted  with the  subject would venture 
to  dogmatize,  but  certain  statistics I have  prepared will convey to 
you possibilities far  more  pregnant  than  any  amount of speculation. 
The  following figures, for  the  years  1902  and 1907 respectively, 
have  been  gathered  from  authentic  returns,  and  they  embrace 
information  from  every  country of importance  throughout  the world. 

TELEQRAPH AND TELEPHONE STATISTICS-WIRE MILEAGE. 

I 1902. 1 1907. ~ Increase. 

TELEGRAPHS. 
Land  wires . . . . . 3,659,659 
Submarine cables . . . I 212,894 

! 
TELEPHONES. 

Wire . . . . . . . 
Subscribers’ stations . . . 

l 

i 

5,038,981 j 1,379,322 

259,000 ~ 46,106 = 21.6% 

19,839,537 1 12,372,120 
8,406,336 4,873,330 

Large  figures  frequently  fail to impress the  mind,  but when it is 
stated  that  this mileage of wire  will soon equal (if it has  not 
already  equalled)  one-third  the  distance  from  the  earth  to  the  sun, 
the  remarkable  activity of the modern  telegraph  and  telephone 
service  will  perhaps  be  more  forcibly  realized. 

It will  be observed that  although  the  development  of  the 
telephone  service is taking place with  giant strides,  telegraphs, 
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both  land  and  submarine,  have  shown  remarkable  growth  in  the 
intervening  period of 5 years,  notwithstanding  the  keen  competi- 
tion of the telephone.  The  great  increase in the  latter service, 
however,  has  taken place within  a  relatively  limited period of time. 

As regards  the  American  Bell  systems,  the  great  advance 
commenced in  1896  when the associated  companies  only possessed 
300,000 telephones. I n  1905  this  number  had  risen  to 2,000,000, 
and  in 1907  to 3,000,000, whilst a t   the  beginning of the  present  year 
the corresponding  figures  are 5,100,000. 

My  somewhat  brief  and  hasty  generalization of the subject, 
necessarily  limited  by  time,  has  not  admitted  even of reference 
to  many  subjects of interest, such as combined  telegraph and 
telephone  working  on  the  same  wires, or the use of repeaters  to 
increase the speed of working on long  lines ; nor  have I been  able 
to  refer  to  other  aspects of telegraphy  such  as  modern  fire-alarm 
systems,  railway  signalling,  etc.,  to  which the public owe much in 
the shape of immunity  from  danger  and  accidents ; but I trust  that 
what I have  said will show that  this, one of the  earliest  branches 
of electrical engineering, is not  stagnant,  but  that,  on  the  other 
hand, it is very  much  alive,  is  served  by some of the keenest  and 
most  advanced  electricians and  administrators,  and is  absorbing 
annually  a  large  amount of capital which it is turning  to good and 
profitable use. 

The  time  that  has necessarily  been  taken  up  in  dealing,  even  in 
outline,  with  the  preceding  subjects  has left little space for wireless 
telegraphy,  but I am  told that  under  no  circumstances  must I pass 
it by without  mention.  The  idea of telegraphing  without  wires goes 
back to  the  early  days of telegraph  working,  and  methods  were 
designed, based partly  on  earth-induction  and  partly  on electro- 
magnetic  induction,  which  admitted of communication over limited 
distances.  Even at  the  present  date  there  are  two  existing  examples 
of this  method  in  the  United  Kingdom, one a wireless  telegraph 
service  between Rathlin  Island  and  the  north of Ireland,  a  distance 
of 8 miles, and  the second, a  wireless  telephone  between the  Skerries 
Island  and  Holyhead,  a  distance of 3 miles. The  range  attainable, 
however, was so small  that,  when  Marconi  introduced  a  system 
based on the work of Hertz  and  other  notable  investigators,  further 
attempts  to improve  the  older  method  ceased. 

It was  known  by  Henry,  after whom the  unit of self-induction 
has been  named, that  the discharge of a  Leyden jar, which to  the eye 
appeared  as  a  single  spark, was really of an oscillatory character,  and 
Hertz proved that when  a  powerful  induction-coil was connected 
with  two  conductors  separated by a  spark-gap,  each  time  a  spark 
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occurred the oscillations set  up  in  the conductors caused electric 
waves to  traverse  the  ether. H e  analyzed these waves by interposing 
a metallic ring, provided with a microscopic spark-gap  in  their  path, 
the passage of the waves being evidenced by a spark at the gap. 
This detector was not  fitted for telegraphic use, but  the  subsequent 
invention  by  Branly of a more effective detector,  the coherer, paved 
the way for Marconi's work. 

Marconi in  the  first  instance connected  one terminal of an  
induction coil with a lofty  vertical conductor and  the  other  terminal 
to  earth.  Each discharge  across the  gap  resulted  in electrical 
oscillations in  the  vertical conductor, and  these oscillations caused 
electrical waves to  radiate  through space. As these waves cut 
across other  vertical conductors  electrical currents were generated 
therein which acted  on  the coherers, and  signals were  recorded. 
These waves were, however, highly damped, and practically only 
the  first  rapid  rise  had  any  material effect on the receiving 
apparatus, so that  under  these  conditions  all  stations  within  range 
were  affected  by the signals. Further,  as  these oscillations had 
a frequency of the order of a  million per second and  the impulses 
from  the  induction coil were of the  order of ten  per second, there 
were relatively  very long intervals between  each successive wave 
emission. The  attention of all  those  interested was therefore 
directed  towards  the discovery of selective apparatus by tuning, 
and  to effect this object  endeavours  were  made to replace the  highly 
damped waves by as near  an approach to  undamped waves as pos- 
sible. This was partially effected by establishing an  oscillating 
circuit  consisting of a capacity and  an  inductance  around  the  spark 
gap of the induction-coil, so that  the oscillations would be more 
continuous  than  in  the  first case, the  vertical conductor  being 
connected either  directly or inductively  with  the oscillating circuit : 
thus  the  first measure of success by selective tuned  circuits was 
achieved. So long, however, as  ordinary induction-coils with  their 
slow make-and-break arrangements were in use, the relatively  long 
idle period  between successive oscillations still existed, and  the ideal 
system of absolutely  undamped waves remained unattained. 

A further  step  in advance was achieved  by  Poulsen, who replaced 
the  spark-gap by an  arc,  and  thus  obtained  an enormously  increased 
number of primary impulses, so that  the  emitted waves were more 
and more continuous,  and  this method has been followed by that 
designed by Lepel  in which the  arc  is replaced by two or more 
metal disks separated by a minute space. By substituting a 
telephone transmitter  for  the  ordinary  telegraphic key, it has been 
found possible to  transmit  actual speech a distance of 30 or 40 miles, 
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whilst the  limit of telegraphy may now be  placed a t  perhaps 
5,000 miles. 

This  very brief sketch  must  necessarily  fail  to  do justice to  the 
manifold  improvements  that  have  been  introduced  into  all  the 
details of working,  either  in  spark or arc  telegraphy.  Each fills a t  
present  a definite sphere,  and we have  by no means  arrived a t  
finality  in  this  interesting  branch of the  earliest  type of electrical 
engineering. 

I have  to  express  my  obligations  to  the  Postmaster-General for 
permission  to  exhibit  many of the  instruments  on view, to  the 
Engineer-in-Chief of the  Post  Ofice,  and  to  several of his  able 
assistants who have  fitted  up  the  apparatus  and  have  aided me in 
illustrating my remarks. 

The PRESIDENT, in  proposing  a  vote of thanks  to  the  Lecturer,  said 
the members  had  heard,  he  might  almost  say, an electrical  review of 
the marvellous  complication  and  development  in  telegraphic  and 
telephonic  enterprise. He  would  ask Sir  John  Wolfe  Barry  to 
second the proposal,  and  before  sitting clown he  should  like  to  say 
how pleased the members  were  to  have  the  Postmaster-Generd 
present  with  them. H e  had no doubt  that  from  the review which 
Sir  John Gavey  had  given of his  subject,  there was one  reflection 
which must have  been  brought  home to  the  Postmaster-General, 
namely, how much  those  great  enterprises  depended  on  the electrical 
engineer  and on the technical  gentlemen who had  served  the  Post 
Office and  the  country so well;  and  further,  that  he  must  expect 
to  get  rid of renewals and  to  buy new  machines a t  a rate perhaps 
greater  in  his  Department  than  in  most  other  establishments. 

Sir JOHN WOLFE  BARRY  said  he had the  greatest  pleasure  in 
seconding the  vote of thanks  to  the  lecturer.  He was sure  all 
must feel  deeply  grateful  to  him  for  the  immense  care  he  had  taken 
to  try  and  make plain  to  them some portion of the complicated 
work  which  was  constantly  being  undertaken  by the  Post Office and 
other bodies. Associated  as  he was with some of the principal 
a b l e  companies,  Sir  John  Wolfe  Barry  felt a deep personal  interest 
in  the  lecture.  He recollected  some 10 years  ago, in  an address 
which  he  gave  to the Society of Arts,  prophesying  that  within :L 

measurable  time  a  man would no  more think of being  without a 
telephone in his  house than of not  having a front-door bell. That 
state of affairs  had not  yet  arrived,  but  the  figures  showing  the 
increase in  the use of telephones  given  by  the  lecturer  seemed to  indi- 
cate  that  his prophecy-he  had  been careful  not  to  give  the  exact 
time-would be realized  before  very  many  years  were  over. He  
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thought nobody  could doubt  that as this use  increased the  Post 
Office would  be found  equal to   the  demand, and  that charmingly 
simple  apparatus  known as the switchboard  would  become  some- 
what complicated. The  present  switchboard  might be very simple 
if one  only  knew how to use it, but  to  the  uninitiated it even  now 
presented an appalling  idea of what would happen if anything  went 
wrong. H e  hoped  on  some future occasion that  they  might  hear a 
little more of cable telegraphy  over  the whole  world,  because that 
was  a matter which  was attracting much  public  attention,  due to  
the  natural demand  for further  links  between  our  brethren beyond 
the sea and  the  Mother  country. H e  also  hoped that before very 
long  no  passenger-ship  would be without  the means of communi- 
cation by  wireless  telegraphy. H e  could not help  thinking  that 
oversea  wireless  communication  had  now arrived a t  such a point of 
perfection that it would not be improper to  make it compulsory 
upon  passenger-ships to  have a wireless installation  on  board. H e  
had  heard that  day  that  the Republic of Brazil  had  undertaken  to 
place at   the  disposal of every  ship  passing  its  great  length of highly 
important  coast  the  means of wireless  communication  with  shore 
stations  to be forthwith  erected.  Great  Britain  had  already  taken 
a good step  in  the same  direction  under the auspices of the  Post 
Office, and  the colonies  were  following that example. That  fact 
had  been  brought before him  in  his official capacity  on  several occa- 
sions, and it was to  be hoped that  within measurable  time  every 
passenger-ship at sea  would  be able  to  communicate  with  the  land 
in  case of necessity. With those  few  remarks  he  again  assured the 
lecturer  that  The  Institution was  most  grateful  to  him  for  the  pains 
and  trouble  he  had  taken  in  preparing  and  delivering  the  lecture. 

Mr. HERBERT SAMUEL, M.P., Postmaster-General,  said, as the 
President had  been good enough to  refer  to  him,  he  might be 
allowed to join in  the  thanks which had been tendered to  Sir John 
Gavey,  and at the same time to  express  his own thanks  to  The 
Institution  for  having  permitted  him  to  attend  the  lecture. Sir 
John  Gavey  had  had a somewhat difficult task,  for  he  had  not  to be 
too  simple  for the  expert  nor  too  technical  for  those who  were not 
experts : if he  had  been  too  simple  he  would  have  earned the 
derision of the  expert ; if he  had been  too  technical  he might  have 
secured the somnolence of those  who  were not  experts.  Speaking 
as one  who  fell into  the  latter category-although,  he  supposed, 
officially he  was  presumed to  know everything  about  the subject- 
he  had been kept  very  much awa'ke by Sir  John Gavey's interesting 
descriptions of the  latest  developments  in  telegraphy  and  telephony. 
It might  interest  those  present  to know that  the  experiments  in 
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wireless telegraphy which had been  conducted by  the  Post Office 
had been  exceedingly satisfactory.  The  stations  round  the coast 
which had been purchased last  year by the  Post Office had proved 
most  useful, so much so that  the  number of messages received and 
sent  had doubled within  the  last 3 months. If the  growth of 
wireless telegraphy  continued a t  such a pace ingenious  automatic 
sending-  and  recording-instruments would probably  have to be 
provided in order  to cope with  the work. The only saddening 
reflection which occurred to him, as one who was responsible for 
the finances of the  Post Office, when watching  the  marvellous 
developments which were taking place and  hearing  Sir  John Gavey 
airily  talking of the  introduction of automatic  telephone exchanges, 
was the question how long it would be  before all the appliances 
which had cost the  nation millions of money would have  to be 
thrown  on  the scrap-heap and replaced by something new. Happily 
in  the Telephone Department a sinking-fund  had been  established 
to cover expenditure  within a very  short period of years. H e  
hoped that period, short  though it was, might  not prove to be too 
long by reason of the development of those  later appliances. I n  
conclusion, he  must  say  that  he  felt,  after  hearing  the  lecture,  that 
the  Post Office and  the  country were  indeed fortunate  in  having  in 
its service experts of the  rank of the  engineer who had been good 
enough  to  address  The  Institution  that evening. 

The  motion was carried by  acclamation. 
Sir JOHN GAVEY, in reply, expressed himself highly honoured by 

the  manner  in which the  vote of thanks had been accorded him. 
H e  had  felt  throughout  in  dealing  with  the  subject  that  he  had  had 
to  omit  reference  to  many  points  and  to  slur over others upon 
which he  might  with  advantage  have  enlarged,  but  the  limits of 
time  had obliged him  in  delivering  his  lecture  to pass  over certain 
sections, including  the  important  subject of submarine  telegraphy, 
which it would be seen  when  the  lecture was printed  had been con- 
sidered in some of i ts  aspects. H e  thanked  the members very 
heartily  for  their  reception of his lecture. 
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